ABSTRACT Background There is evidence of an association between poor oral health and mortality. This association is usually attributed to inflammatory and nutrition pathways. However, the role of health behaviours and socioeconomic position has not been adequately examined. The aims of this study were to examine the association between oral health and premature death among middle-aged men and to test whether it was explained by socioeconomic position and behaviours. Methods Data were from the Vietnam Experience Study, a prospective cohort study of Vietnam War-era (1965War-era ( -1971, American male army personnel. The authors examined risk of cause-specific and all-cause mortality in relation to poor oral health in middle age, adjusting for age, ethnicity, socioeconomic position, IQ, behavioural factors and systemic conditions. Results Men with poor oral health experienced a higher risk of cause-specific and all-cause mortality. HRs for all-cause mortality were 2.94 (95% CI 2.11 to 4.08) among individuals with poor oral health and 3.98 (95% CI 2.43 to 6.49) among edentates compared with those with good oral health after adjusting for ethnicity and age. The association attenuated but remained significant after further adjustment for systemic conditions, socioeconomic position and behaviours. Socioeconomic and behavioural factors explained 52% and 44% of mortality risks attributed to poor oral health and being edentate, respectively. Conclusion The findings suggest that oral healthmortality relation is partly due to measured covariates in the present study. Oral health appears to be a marker of socioeconomic and behavioural risk factors related to allcause mortality.
INTRODUCTION
There is mounting evidence for an association between poorer oral health, particularly periodontal disease and number of teeth, and risk of causespecific and all-cause mortality. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Various explanations for these relationships have been advanced. Investigators have postulated that an inflammatory pathway may link periodontal disease with cardiovascular disease and respiratory-related mortality. 4 10 16 Others have argued that tooth loss affects the ability to eat and consequently impacts on the intake of key nutrients 17 that have been linked to cardiovascular disease and cancer mortality. 2 18 All-cause mortality is linked to a cluster of health-compromising behaviours, [19] [20] [21] which are also related to oral health. 22 It is therefore plausible that oral health status is an early marker of lifestyle, risk taking and health-compromising behaviours linked to all-cause mortality. Furthermore, cognitive ability and intelligence are also associated with both mortality 23 and oral health 24 and could also be implicated in the association between oral health and all-cause mortality. Finally, socioeconomic position, a common determinant of oral health and mortality, may plausibly explain some of the relationship between oral health and mortality. 25 While the relationship between oral health and all-cause mortality has been frequently documented, no study has examined whether all or part of this association could be explained by the common association between each of oral health and allcause mortality on the one hand, and socioeconomic position and health-related behaviours on the other. Accordingly, the present study has two objectives: (1) to examine the relationship between oral health in middle age and causespecific and all-cause mortality and (2) to assess what portion of this association, if any, could be explained by socioeconomic position, intelligence and selected health-compromising behaviours.
METHODS

Study population
Data were from the Vietnam Experience Study, a prospective cohort study of Vietnam War-era military veterans who had entered the US military service between January 1965 and December 1971. A detailed description of the survey and the sampling frame are described elsewhere. [26] [27] [28] [29] [30] [31] [32] In brief, participants were veterans who served in Vietnam, Korea, Germany and the USA. 31 In 1984, a subsample of living veterans participated in telephone interview (n=15 288). A random sample of those who participated in the interview was invited for medical examination (n=6443), with 4462 participating. 26 31 An additional 274 individuals were excluded for having missing data on any of the variables in the analytical sample. All participants were men, with an average age of 20 years (range 16-33 years) at induction into the military.
Assessment of oral health
During the physical examination, physicians performed a qualitative assessment of the throat, mouth, teeth, gums and tongue of the study members. The presence of ulcers, masses, gingival condition, plaque, being edentate and use of dentures were noted. Dental status was reported as good, fair, poor or edentulous. 'Good' oral health status was denoted by an absence of caries and gingivitis; 'fair' oral health was indicated by some abnormalities of teeth and gum; 'poor' oral health included the presence of severe gingival and dental disease; edentulous is self-explanatory. 26 This variable was used to assess mortality risk in relation to the deterioration of oral health. Earlier studies have suggested that physicians can accurately assess the oral health of adults [33] [34] [35] and children. 36 37 Furthermore, considering the fact that oral health was assessed at a relatively young age, and the significance of being completely edentulous as more objective indicator of poor dental status, two dichotomous indicators of oral health were created: (1) good versus poor (fair, poor, edentulous) and (2) edentulous versus dentate. These two variables were used in assessing risk of all-cause mortality and estimating the impact of socioeconomic and behavioural factors on the association between oral health and all-cause mortality.
Ascertainment of mortality
Vital status postmedical examination was tracked until 31 December 2000; cause of mortality was ascertained from death certificate. The majority of deaths were ascribed to neoplasm (20.8%) (ICD-9: 140-239; ICD-10: C00-D48), diseases of heart (23.2%) (ICD-9: 390-398, 402, 404, 410-429; ICD-10: I00-I09, I11, I13, I20-I) and external causes (22%) (ICD-9: E800-E999; ICD-10: V01-Y89). 38 
Covariate data
Pay grade at discharge from the army (five categories), years of education (<12, 12 and >12 years) and midlife family income (≤$20 000, $20 001-30 000, >$30 000) were used as indicators of socioeconomic position. The validated Army General Technical Test, which provides measure of IQ, was administered on entering the service. Health-related behaviours included the following variables, collected at midlife: number of years the participant smoked, alcohol units consumed per day, whether the study member had counselling or treatment for drug or alcohol abuse and body mass index (BMI) (as a marker of diet and physical activity). BMI was categorised into four groups: <18.5, 18.5 to <25, 25 to <30 and 30 US units or more. Ethnicity (white, black and other ethnicities including Hispanics) and age in days at examination in 1984 were also used as covariates in the analysis. To adjust for general medical conditions and biological risk factors for cardiovascular disease at time of physical examination, the following variables were added to the multivariable model: total cholesterol, High-density lipoprotein (HDL)-Cholesterol diagnosis of hypertension, heart murmur, angina, heart attack, heart failure, endocarditis, pericarditis, and diabetes.
Data analysis
The characteristics of study members according to the oral health status (good, fair, poor or edentulous) were examined. Participants were considered to be at risk of dying between the completion of the 1984 evaluation until death or the end of December 2000, whichever came first. Having determined that the proportional hazard assumption had not been violated, the associations of oral health with all-cause and cause-specific mortality, namely neoplasm, disease of the heart and external causes of death, were assessed. Two Cox regression models were constructed for each cause of mortality, the first adjusting for age at examination and ethnicity and the second additionally adjusting for all other covariates (socioeconomic, behavioural and medical conditions).
The associations between all-cause mortality and socioeconomic position (education, military pay grade, family income and standardised IQ score), and behaviours (smoking, alcohol consumption, treatment/counselling for alcohol or drugs abuse and BMI) were assessed, adjusting for ethnicity and age at examination.
Using the two dichotomous variables ( poor vs good oral health) and (edentulous vs dentate), two sets of Cox models were used to assess changes in the HRs for all-cause mortality after adjusting for (1) chronic conditions, (2) socioeconomic and (3) behavioural factors. The build-up of the models was designed to allow quantifying the specific impacts of socioeconomic, behavioural and chronic conditions at midlife on the relationship between oral health and all-cause mortality. Model 1 was adjusted for one of the oral health dichotomous variables, ethnicity and age at the time of examination. Model 2 additionally included total cholesterol, HDL-cholesterol, cardiac conditions, diabetes and hypertension. Model 3 included socioeconomic position (pay grade at discharge from army, family income at midlife, years of education and IQ) in addition to the variables in model 1. Model 4 included behavioural variables at midlife (smoking, alcohol, counselling/treatment for drug or alcohol abuse and BMI) in addition to the variables in model 1. Model 5 included all the variables in models 3 and 4 (socioeconomic and behavioural factors). Finally, model 6 was adjusted for all the variables included in the previous models. To quantify the contribution of socioeconomic, behavioural variables and medical conditions to the association between oral health and all-cause mortality, the following formula was used:
Hazard dental status ðModel 2ÞÞ= ðHazard dental status ðModel 1Þ À 1Þ
:
The formula was applied to models 3-6. This method was used in previous studies and can, despite some methodological shortcomings, 39 be used as a heuristic to get a rough estimate of the contribution of socioeconomic position to variation in health. 40 Finally, a sensitivity analysis was conducted excluding those who died in the first 7 years to account for any undiagnosed disease at study entry (reverse causality). The use of a 7-year period was inevitably arbitrary and has been used in earlier study. 29 
RESULTS
Of the 4462 participants who had the physical examination at midlife, 4188 participants with complete data for all variables were included in this analysis. 32 There was no difference in mortality rates or in oral health between those excluded from the analysis and the original sample. Overall, 63.3%, 23.0%, 10.6% and 3.1% were assessed as having good, fair, poor oral health and edentulous, respectively. The number of deaths from any cause was 234. The number of deaths from neoplasm, cardiovascular disease and external causes were 48, 62 and 49, respectively. The mean age at time of physical examination and at the end of mortality follow-up was 38.3 and 53.0 years, respectively. The average follow-up period was 30.4 years. Table 1 shows the distribution of all variables included in the analysis for the whole sample and by oral health status.
The assessment of cause-specific and all-cause mortality hazard by oral health revealed that edentulous veterans HRs of 3.06 (95% CI 1.06 to 8.77), 5.47 (95% CI 2.38 to 12.60), 3.88 (95% CI 1.34 to 11.29) and 3.98 (95% CI 2.43 to 6.49) for mortality related to neoplasm, cardiovascular diseases, external causes and all-cause, respectively. However, the association between being edentulous and mortality related to neoplasm and external causes lost significance after adjusting for socioeconomic, behavioural factors and chronic conditions. Persons assessed as having 'poor' oral health were at significantly higher risk of cardiovascular disease and all-cause mortality than those assessed as having 'good' oral health. On the other hand, there was no significant difference in mortality risk between those assessed as having 'fair' and 'good' oral health (table 2) .
In the sensitivity analysis excluding those who died in the first 7 years after study entry, the association between all-cause mortality and oral health was consistent with that obtained from the analysis of the whole sample. In the sensitivity analysis, veterans assessed as having 'fair', 'poor' oral health or edentulous had HRs of 1.26 (95% CI 0.84 to 1.90), 1.80 (95% CI 1.15 to 2.82) and 3.73 (95% CI 2.05 to 6.76), respectively, for all-cause mortality. Table 3 exhibits the HRs for all-cause mortality by socioeconomic and behavioural covariates, adjusting for ethnicity and age at examination. There were clear socioeconomic gradients in the risk of all-cause mortality using indicators from early adulthood and midlife. The standardised score of IQ as measured in early adulthood was significantly related to mortality with individuals with a SD higher than the average IQ having lower hazard of mortality of 0.35 (95% CI 0.18 to 0.66). Years of smoking, units of alcohol and treatment or counselling for alcohol or drugs abuse were all related to the risk of total mortality (table 2) . Table 4 exhibits the impact of adjusting for socioeconomic and behavioural factors on the association between oral health and all-causes mortality. Men with poor oral health had a HR of 2.02 (95% CI 1.56 to 2.64) for all-cause mortality; after adjusting for chronic conditions, this association attenuated to 2.01 
DISCUSSION
Data from the Vietnam Experience Study were used to examine the association between physician-assessed oral health status and all-cause mortality at middle age and to ascertain whether this relationship could be explained by socioeconomic and behavioural factors. Veterans assessed as having poor oral health and being edentulous were significantly associated with increased allcause mortality and cardiovascular mortality. The association between oral health, and cardiovascular and all-cause mortality attenuated but was not eliminated after adjusting for chronic conditions at midlife, socioeconomic position and behavioural factors. Poorer oral health and being edentulous were also associated with the risk of mortality from external causes. However, this association disappeared after adjusting for behavioural and socioeconomic factors. Socioeconomic position and some selected healthcompromising behaviours explained roughly 50% of the association between oral health and all-cause mortality. On the other hand, chronic health conditions and biological risk factors for cardiovascular disease had little or no impact on the association between oral health and all-cause mortality.
The relationship between oral health and all-cause mortality among the US veterans demonstrated in this study is consistent with findings from elsewhere. 2 3 6 7 12-15 Many of the aforementioned studies attributed the association between oral health and mortality to the dissemination of inflammation resulting from oral infection. 4 10 16 Others suggested that tooth loss could be a risk for mortality through an effect on eating ability and nutrients intake. 2 7 18 While these pathways undoubtedly All models were adjusted for ethnicity and age at examination. *p<0.05; **p<0.01; ***p<0.001. NS, non-significant. play a role in the association between oral health and some cause-specific mortality, such as cardiovascular disease, cancerand respiratory-related mortality, they do not completely explain the persistent and strong association between oral health and mortality rates that have been repeatedly demonstrated. More importantly, the suggested inflammatory and nutrients pathways do not explain the relationship between oral health and all-cause mortality, especially when a large percentage of mortality rates are injury/accidents-related and self-inflicted. On the other hand, poor oral health could be an early marker of lifestyle and risk-taking behaviours deemed detrimental to health and survival. 20 The common effect of socioeconomic position on oral health and on general health, mortality and health-related behaviours, is another plausible explanation for the association between oral health and all-cause mortality. 25 Intelligence as a marker of personality traits, and socioeconomic position, is other possible factor that could explain part of the association between oral health and mortality, as they have similar relationships with each of them. 23 24 The analysis of the current study confirms that this theory as the association between oral health and external cause of mortality was completely explained away after adjusting for behavioural and socioeconomic factors. An interesting observation in this study is that 3% of Vietnam War-era veterans were edentate at a relatively early age. Unsurprisingly, the edentate were at higher risk of mortality from hear-related disease and all-cause mortality.
This study demonstrated that socioeconomic factors and some common health-compromising behaviours such as smoking, drinking, drug abuse and obesity explained approximately 50% of all-cause mortality risk attributed to oral health. Furthermore, the aforementioned socioeconomic and behavioural factors appeared to play a far more important role in the relationship between oral health and mortality than chronic health conditions and biological risk factors for cardiac disease. These findings support, to some extent, the theory proposed here that oral health status is a marker of socioeconomic position, lifestyle and risk-taking behaviours hazardous to survival. The significance of our findings is that they highlight the importance of oral health as an early marker of risk factors for premature death. That marker could be complemented by behavioural and social factors, such as social relationship, unemployment, housing conditions, as they could explain most of the remaining association between oral health status and allcause mortality.
This study examined the risks for cause-specific and all-cause mortality at midlife attributed to oral health, an overall assessment of the condition of the mouth and the teeth, and a more objective measure indicating being completely edentulous. The study has the advantage of quantifying the impact of socioeconomic factors, behaviours and chronic health conditions on the relationship between oral health and all-cause mortality risk. However, the study does have some limitations. First, oral health was assessed by physicians rather than by dentists. However, others have suggested that physicians can accurately assess oral health. [33] [34] [35] [36] Furthermore, the use of a dichotomous variable indicating being completely edentulous provides a more objective measure of oral health. The study included only male veterans from the Vietnam War-era. Hence, the results cannot be generalised to the whole population. However, the findings should be of significance to the Department of Veterans Affairs. The analysis adjusted for a number of early life and midlife indicators of socioeconomic positions, behavioural factors and chronic conditions at a mean age of 38 years. Other social, behavioural, biological and health-services-related factors were not included in the analysis, which could have affected the results. However, the selection of covariates was deemed appropriate for the study objectives as they include common socioeconomic determinants of general and oral health and reflect lifestyle and health-compromising behaviours that might have a greater impact on all-cause mortality than disease-specific risk factors. For example, excessive drinking is a risk for cancer but is also linked to injury and accidents.
In conclusion, the present study demonstrated that veterans with poorer oral health status had higher all-cause mortality risks in a large sample of Vietnam War-era veterans. Indicators of socioeconomic position at early adulthood, and midlife, IQ at early adulthood, and selected health-related behaviours explained approximately 50% of mortality risk attributed to oral health and appeared to be more important than chronic health conditions and cardiovascular biological risk factors. The findings of this study suggest that health-compromising behaviours related to oral health and oral health status are early markers of life-threatening hazards.
What is already known on this subject
Oral health is associated with cause-specific and all-cause mortality. The association is attributed to inflammatory and nutritional pathways. 
